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ABSTRACT 
Modification in the structural, thermal and optical properties of samarium 
ions (Sm3+) doped zinc-tellurite glass with gold nanoparticles (Au NPs) embedment 
was studied. In this regard, two series of zinc-tellurite glass systems with 
composition (80-y)TeO2-20ZnO-ySm2O3, where 0.0 ≤ y ≤ 2.0 mol% and (79-
x)TeO2-20ZnO-1Sm2O3-xAuCl3, where 0.00 ≤ x ≤ 0.10 mol% were prepared using 
melt quenching technique. Sm3+ ions and Au NPs concentration dependent structural, 
thermal and optical properties of these glass samples were determined. Structural 
characterizations were made using X-ray diffraction (XRD), Fourier transform infra-
red (FTIR) and Raman spectroscopy. Thermal properties were measured by 
differential thermal analyzer (DTA). The existence, size, and morphology of Au NPs 
in the glass matrix were examined via transmission electron microscopy (TEM). 
Optical properties of glass samples were determined using UV-Vis-NIR absorption 
and photoluminescence (PL) spectroscopy. The occurrence of broad hump in the 
XRD patterns verified the amorphous nature of glass samples. FTIR spectra 
exhibited three major bands which were allocated to the TeO3, TeO4 units and 
bending vibrations of Te-O-Te linkages or Zn-O vibrations. Raman spectra showed 
the bending vibrations mode of Te-O-Te and stretching vibration modes of non-
bonding oxygen linked to the TeO4 and TeO3 units. TEM images manifested the 
existence of Au NPs of average diameter 17.12 nm. Both glass systems exhibited 
thermal stability and glass forming ability which was increased from 80 °C to 143 °C 
and from 0.37 to 1.03, respectively with the increase of Au NPs contents. The 
absorption spectra displayed ten prominent peaks corresponding to the transitions 
from the ground state (6H5/2) to various excited states of Sm
3+ ions. Surface plasmon 
resonance (SPR) bands of Au NPs were detected at 652 and 715 nm. The bonding 
parameters of the prepared glass samples that were calculated from the absorption 
spectra revealed the covalent/ionic nature of the rare earth-ligand (Sm-O) bond. 
Optical band gap energies and the Urbach energy values were determined. The 
ligand field parameters estimation showed that the crystal field strength and the 
degree of covalency between ions were increased. Besides, the interelectronic f-f 
repulsion Racah parameters were decreased with increasing NPs contents. The room 
temperature PL spectra disclosed four prominent emission bands centered at 562 nm 
(green), 600 nm (orange), 644 nm (red) and 709 nm (red) which were assigned to the 
4G5/2 → 6H5/2, 4G5/2→ 6H7/2, 4G5/2 → 6H9/2 and 4G5/2 → 6H11/2 transitions, respectively. 
Overall, the structural, thermal and optical properties of the studied tellurite glass 
system were strongly influenced by the embedment of Au NPs in the glass matrix. 
The alteration in the overall properties was attributed to the mediation of Au NPs 
surface plasmon, radiative transitions and cross-relaxation effects. The improvement 
in the properties of these glasses may be beneficial for different optical applications. 
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ABSTRAK 
Pengubahsuaian struktur, sifat terma dan optik kaca zink-tellurite dengan 
nanopartikel emas (Au NPs) didop ion samarium (Sm3+) sentiasa diberi perhatian. 
Dalam hal ini, dua siri sistem kaca zink-tellurite dengan komposisi (80-y)TeO2-
20ZnO-ySm2O3 dengan 0.0  y  2.0 mol% dan (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 
dengan 0.0  x  0.10 mol% telah disediakan menggunakan teknik pelindapan 
leburan. Kebergantungan struktur, terma dan sifat optik sampel kaca ini terhadap 
kepekatan ions Sm3+ dan Au NPs di tentukan. Pencirian struktur telah dibuat 
menggunakan pembelauan sinar-X (XRD), Spektoskopi infra-merah jelmaan Fourier 
(FTIR) dan spektroskopi Raman. Sifat terma telah diukur menggunakan penganalisa 
pembezaan terma (DTA). Kewujudan, saiz dan morfologi Au NPs dalam matrik kaca 
telah diukur menggunakan mikroskopi penghantaran elektron (TEM). Sifat optik 
sampel kaca telah ditentukan menggunakan penyerapan UV-Vis-NIR dan 
spektroskopi berpendaflor (PL). Kewujudan bonggol lebar pada corak XRD 
menunjukkan keadaan keamorfus semula jadi sampel kaca. Spektrum FTIR 
menunjuk tiga jalur utama yang sepadan dengan unit TeO3, TeO4 dan getaran 
membengkok Te-O-Te atau getaran Zn-O. Spektrum Raman menunjukkan mod 
getaran membengkok Te-O-Te dan mod getaran meregang oksigen tak-terikat yang 
terhubung kepada unit TeO4 dan TeO3. Imej TEM menunjukkan kewujudan Au Nps 
dengan diameter purata 17.12 nm. Kedua-dua sistem kaca mempunyai kestabilan 
terma dan keupayaan pembentukan kaca yang meningkat masing-masing daripada 
80oC kepada 143oC dan daripada 0.37 kepada 1.03 dengan peningkatan kandungan 
Au NPs. Spektrum penyerapan memaparkan sepuluh puncak utama yang sepadan 
dengan transisi dari keadaan dasar (6H5/2) ke pelbagai keadaan teruja ion Sm
3+. Jalur 
resonans plasmon permukaan (SPR) bagi Au NPs telah dikesan pada 652 nm dan 715 
nm. Parameter ikatan bagi sampel kaca yang disediakan telah dikira dari spektrum 
penyerapan untuk menunjukkan keadaan semulajadi ikatan kovalen/ionik atom ligan-
nadir bumi (Sm-O). Tenaga jurang optik dan tenaga Urbach telah ditentukan. 
Anggaran parameter medan ligan menunjukkan bahawa kekuatan medan hablur dan 
darjah kekovalenan antara ion telah meningkat. Di samping itu, parameter Racah f-f 
tolakan interelektronik didapati mengurang dengan pertambahan kandungan NPs. 
Spektrum PL pada suhu bilik menunjukkan empat jalur pancaran utama pada 562 nm 
(hijau), 600 nm (oren), 644 nm (merah) dan 709 nm (merah) yang masing-masing 
mewakili transisi 4G5/2 → 6H7/2, 4G5/2 → 6H9/2 dan 4G5/2 → 6H11/2. Secara 
keseluruhannya, sifat struktur, terma dan optik dari sistem kaca tellurite yang dikaji 
dipengaruhi oleh penambahan NPs Au ke dalam matrik kaca. Perubahan pada 
keseluruhan sifat adalah disebabkan oleh plasmon permukaan NPs Au, transisi 
sinaran dan kesan santaian silang. Peningkatan sifat kaca ini mungkin berguna untuk 
aplikasi optik yang berbeza.                                                         
vii
TABLE OF CONTENTS 
CHAPTER  TITLE PAGE 
DECLARATION ii 
DEDICATION iii 
ACKNOWLEDGEMENT iv 
ABSTRACT v 
ABSTRAK vi 
TABLE OF CONTENTS vii 
LIST OF TABLES x 
LIST OF FIGURES xiii 
LIST OF ABBREVIATIONS xix 
LIST OF SYMBOLS xxi 
LIST OF APPENDICES xxiii 
1  INTRODUCTION 1 
1.1 Introduction 1 
1.2 Research Background 1 
1.3 Problem Statement 3 
1.4 Objectives of Study 4 
1.5 Scope of Study 5 
1.6 Significance of Study 5 
1.7 Organization of Study 6 
2  LITERATURE REVIEW 7 
2.1 Introduction 7 
2.2 Development of Glass Research 7 
2.3 Tellurite Glasses 9 
2.3.1 X-ray Diffraction 10 
viii
2.3.2 Physical Properties of Tellurite Glasses 11 
2.3.3 Structural Properties of Tellurite Glasses 12 
2.3.4 Elemental Traces 20 
2.3.5 Transmission Electron Microscopy Imaging 21 
2.3.6 Thermal Properties of Tellurite Glasses 24 
2.3.7 Optical Properties of Tellurite Glasses 26 
2.3.7.1 UV-Vis-NIR Absorption Properties 26 
2.3.7.2 Photoluminescence Properties 33 
2.4 Samarium Ions 36 
2.4.1 Energy Levels of Sm3+ Ions 36 
2.4.2 Excitation and Emission in the Presence of 
Activator and Sensitizer 37 
2.4.3 Energy Transfer Process and Cooperative 
Effects 38 
2.4.4 Excited State Absorption 40 
2.5 Metal Nanoparticles 40 
2.5.1 General Properties of Metal Nanoparticles 40 
2.5.2 Surface Plasmon Resonance (SPR) 41 
2.5.3 Gold Nanoparticles 43 
2.5.4 Formation of Au NPs by Thermo-chemical 
Reduction 45 
3  METHODOLOGY 46 
3.1 Introduction 46 
3.2 Sample Preparation 46 
3.3 Density Measurement 48 
3.4 X-Ray Diffraction Characterization 49 
3.5 Fourier Transformed Infrared Spectroscopy and 
Characterization 51 
3.6 Raman Spectroscopy and Characterization 53 
3.7 Transmission Electron Microscopy Characterization 55 
3.8 Energy Dispersive X-ray Spectroscopy 
Characterization 57 
3.9 Differential Thermal Analyser 58 
ix
3.10 Absorption Spectroscopy Characterization 59 
3.11 Photoluminescence Spectroscopy Characterization 60 
4  RESULTS AND DISCUSSION 63 
4.1 Introduction 63 
4.2 Density, Molar Volume and Ionic Packing Density 63 
4.3 Structural Properties Analysis 68 
4.3.1 Amorphous Phase Analysis 68 
4.3.2 Morphological Analysis 70 
4.3.3 Elemental Analysis 71 
4.3.4 Infrared Spectral Analysis 73 
4.3.5 Raman Spectral Analysis 76 
4.4 Thermal Properties 81 
4.5 Optical Properties 84 
4.5.1 UV-Vis-NIR Spectra 84 
4.5.2 UV-Vis Spectra for Surface Plasmon 
Resonance (SPR) Analysis 86 
4.5.2.1 Optical Band Gap and Urbach Energy 87 
4.5.2.2 Refractive Index, Molar Refractivity and 
Electronic Polarizability 90 
4.5.2.3 Nephelauxetic Ratio and Bonding Parameter 94 
4.5.2.4 Ligand Field Parameters 97 
4.5.3 Photoluminescence Spectral Analysis 102 
4.5.3.1 Mechanism of Upconversion 106 
5  CONCLUSIONS AND RECOMMENDATIONS FOR 
FUTURE STUDY 109 
5.1 Introduction 109 
5.2 Conclusions 109 
5.3 Recommendations for Future Study 111 
REFERENCES  113 
Appendices A  F  130  145 
 
xLIST OF TABLES 
TABLE NO. TITLE PAGE 
2.1 Measured values of density ( , molar volume (Vm), and 
ionic packing density (Vt) of some tellurite glass 
systems. (DNA: Data not available) 12 
2.2 Spectral range of IR radiation. 14 
2.3 FTIR absorption peaks position (cm-1) for some tellurite 
glass system 18 
2.4 The Raman band assignment (cm-1) of some tellurite 
glass systems 19 
2.5 The EDX spectra of detected elements for TZNEA0.6 in 
wt% and at%. 21 
2.6 Measured values of Tg, Tc, Tm, T and Hr of various 
tellurite glasses. 25 
4.1 Some physical properties of (80-y)TeO2-20ZnO-ySm2O3 
m), 
average molecular weights (Mav), and ionic packing 
densities (Vt). 67 
4.2 Some properties physical of (79-x)TeO2-20ZnO-
1Sm2O3-xAuCl3 
molar volumes (Vm), average molecular weights (Mav), 
and ionic packing densities (Vt). 68 
4.3 Calculated and EDX-measured weight% and atomic% of 
elements for 79TeO2-20ZnO-1Sm2O3 glass sample. 73 
4.4 Calculated and EDX-measured weight% and atomic% of 
elements for 78.9TeO2-20ZnO-1Sm2O3-0.10AuCl3 glass 
sample. 73 
xi
4.5 Assignments of vibration bands for (80-y)TeO2-20ZnO-
ySm2O3 glass samples. 76 
4.6 Assignments of vibration bands for (79-x)TeO2-20ZnO-
1Sm2O3-xAuCl3 glass samples. 76 
4.7 Raman shifts peak position for (80-y)TeO2-20ZnO-
ySm2O3 glass system. 80 
4.8 Raman shifts peak position for (79-x)TeO2-20ZnO-
1Sm2O3-xAuCl3 glass system. 80 
4.9 Deconvoluted Raman peak assignment for 78.9TeO2-
20ZnO-1Sm2O3-0.10AuCl3 glass sample. 81 
4.10 Thermal properties of (80-y)TeO2-20ZnO-ySm2O3 glass 
samples. 83 
4.11 Thermal properties of (79-x)TeO2-20ZnO-1Sm2O3-
xAuCl3 glass samples. 84 
4.12 Indirect optical band gap (E'g) and Urbach energy ( E) 
of (80-y)TeO2-20ZnO-ySm2O3 glass system. 90 
4.13 Indirect optical band gap (E'g) and Urbach energy ( E) 
of (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 glass system. 90 
4.14 Refractive index (n), Molar refraction (Rm), and 
Electronic polarizability ( m) for (80-y)TeO2-20ZnO-
ySm2O3 glass system. 93 
4.15 Refractive index (n), Molar refraction (Rm), and 
Electronic polarizability ( m) for (79-x)TeO2-20ZnO-
1Sm2O3-AuCl3 glass system. 94 
4.16 Nephelauxetic ratio ( ), bonding parameter ( ) and their 
associated transitions with varying Sm2O3 concentration. 96 
4.17 Nephelauxetic ratio ( ), bonding parameter ( ) and their 
associated transitions with varying AuCl3 concentration. 97 
4.18 Racah parameters, Crystal field parameters and 
Nephelauxetic function ( ) for (80-y)TeO2-20ZnO-
ySm2O3 glass system. 101 
4.19 Racah parameters, Crystal field parameters and 
Nephelauxetic function ( ) for (79-x)TeO2-20ZnO-
1Sm2O3-xAuCl3 glass system. 102 
xii
4.20 PL maximum enhancement factor with varying content 
of Sm2O3 for (80-y)TeO2-20ZnO-ySm2O3 glass system. 106 
4.21 PL maximum enhancement factor with varying content 
of AuCl3 for (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 glass 
system. 106 
D.5.1 Concentration and atomic mass (u) of each element and 
total glass system having composition 78.9TeO2-20ZnO-
1Sm2O3-0.10AuCl3. 138 
 
 
xiii
LIST OF FIGURES 
FIGURE NO. TITLE PAGE 
2.1 XRD pattern of a tellurite glass [50] 11 
2.2 A Schematic diagram of TeO4 tbp structural unit in -
TeO2. 13 
2.3 Schematic representation of TeO4, TeO3+1, and TeO3 
structural units [61]. 14 
2.4 Typical in-plane symmetric and asymmetric stretching 
of a diatomic molecule. 15 
2.5 Typical in-plane bending motion (scissoring and 
rocking). 16 
2.6 Typical out of plane bending movements (twisting and 
wagging). 16 
2.7 A typical FTIR spectra of tellurite glass [64]. 17 
2.8 A typical Raman spectra of tellurite glass [69]. 19 
2.9 A typical EDX spectra of Er3+ doped tellurite glass with 
Au NPs [65]. 20 
2.10 A TEM image of Ag NPs embedded K2O-B2O3-Sb2O3 
glass system (Ag NPs  are encircled by red) [79]. 22 
2.11 TEM image for TZNEA showing non-spherical size of 
Au NPs (encircled in blue). Inset shows the Gaussian 
distribution of Au NPs with an average diameter of 8.6 
nm. 23 
2.12 TEM images of tellurite glass containing (b) Gaussian 
distribution (c) HRTEM image of lattice constant for Ag 
NPs [80]. 23 
2.13 Typical DTA curve for a tellurite glass [86]. 24 
xiv
2.14 Light absorption phenomenon in a glass sample. 27 
2.15 Tauc plot for direct optical band gap ( h )2 and indirect 
optical band gap ( h )1/2  against photon energy of 
TeO2-MgO-Sm2O3-AgCl glass system [97]. 28 
2.16 Schematic diagram of direct (Eg) and indirect band gap 
(E'g) in semiconductor. 29 
2.17 Urbach tail, conduction and valence band [99]. 30 
2.18 A UV-Vis absorption spectra for TeO2-MgO-Sm2O3-
AgCl glass system [78]. 33 
2.19 A schematic energy representation of fluorescence and 
phosphorescence. 34 
2.20 Schematic representation showing the process of 
luminescence. 35 
2.21 Fluorescence spectra of Sm3+ ions in tellurite glass 
system under 477 nm excitation wavelength [38]. 36 
2.22 Energy level diagram of Sm3+ ion [110]. 37 
2.23 Schematic diagram showing (a) direct excitation of the 
activator and (b) indirect excitation followed by energy 
transfer from the sensitizer or host to the activator [113]. 38 
2.24 Different energy transfer processes from a sensitizer (S) 
to an activator (A) in its ground state. (a) Resonant 
radiative transfer, (b) resonant energy transfer, (c) 
energy transfer assisted by phonons and (d) example of 
quenching of the fluorescence of S by energy transfer to 
A [114]. 39 
2.25 Schematic diagram of excited- 1, 
0) [117]. 40 
2.26 Schematic diagram demonstrating surface plasmon 
resonance for a spherical metallic nanoparticle [122]. 42 
2.27 Electronic absorption spectra with SPR band for (a) Au 
NPs at 525 nm and (b) Ag NPs at 400 nm synthesized in 
Aqueous solution. 43 
2.28 Schematic diagram illustrating the interaction between 
incident radiation and free electrons Au NPs 44 
xv
3.1 A schematic representation of glass preparation 
processes. 47 
3.2 Schematic design of X-ray diffractometer [141]. 50 
3.3 Typical Bragg diffraction in crystal lattice. 51 
3.4 Schematic diagram of FTIR spectroscopy [143]. 52 
3.5 Typical scattering geometry of Raman measurement 
[145]. 53 
3.6 Various Raman scattering processes (a) Rayleigh 
scattering, (b) Raman scattering with energy lost and (c) 
Raman scattering with energy gain [146]. 54 
3.7 Inner architecture of a TEM  [147]. 56 
3.8 Schematic representation of an energy dispersive 
spectrometer [148]. 57 
3.9 Schematic design of a typical differential thermal 
analyser [149]. 58 
3.10 A simplified diagram for UV-Vis-NIR 
spectrophotometer. 60 
3.11 Optical arrangement of a steady-state 
spectrofluorometer. 61 
4.1 Variation of density and molar volume for (80-y)TeO2-
20ZnO-ySm2O3 glass system. 65 
4.2 Variation of density and molar volume for (79-x)TeO2-
20ZnO-1Sm2O3-xAuCl3 glass system. 66 
4.3 A plot of ionic packing density for (80-y)TeO2-20ZnO-
ySm2O3 glass system. 66 
4.4 A plot of ionic packing density for (79-x)TeO2-20ZnO-
1Sm2O3-xAuCl3 glass system. 67 
4.5 XRD patterns of (80-y)TeO2-20ZnO-ySm2O3 glass 
system. 69 
4.6 XRD patterns of (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 
glass system. 69 
4.7 (a) TEM image of 79.9TeO2-20ZnO-0.10AuCl3 glass 
sample showing NPs with black spot (b) Corresponding 
xvi
Gaussian distribution with average diameter of 17.12 
nm. 70 
4.8 (a) The SAED pattern of Au for 79.9TeO2-20ZnO-
0.10AuCl3 glass sample (b) HRTEM image of Au NPs 
showing d-spacing corresponding to (111) plane. 71 
4.9 EDX spectrum of 79TeO2-20ZnO-1Sm2O3 glass sample. 72 
4.10 EDX spectrum of 78.9TeO2-20ZnO-1Sm2O3-0.10AuCl3 
glass sample. 72 
4.11 FTIR spectra of (80-y)TeO2-20ZnO-ySm2O3 glass 
samples. 75 
4.12 FTIR spectra of (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 
glass samples. 75 
4.13 Raman spectra of (80-y)TeO2-20ZnO-ySm2O3 glass 
system. 78 
4.14 Raman spectra for (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 
glass system. 79 
4.15 Deconvoluted Raman spectra for 78.9TeO2-20ZnO-
1Sm2O3-0.10AuCl3 glass. 79 
4.16 DTA curves of (80-y)TeO2-20ZnO-ySm2O3 glass 
system. 82 
4.17 DTA curves of (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3 
glass systems. 83 
4.18 Absorption spectra of (80-y)TeO2-20ZnO-ySm2O3 glass 
system. 85 
4.19 Absorption spectra of (79-x)TeO2-20ZnO-1Sm2O3-
xAuCl3 glass system. 85 
4.20 Absorption spectra of 78.9TeO2-20ZnO-0.10AuCl3 glass 
system showing SPR band positions for Au NPs at 652 
and 715 nm. 86 
4.21 A typical Tauc plot of indirect optical band gap for (80-
y)TeO2-20ZnO-ySm2O3 glass system. 88 
4.22 A typical Tauc plot of indirect optical band gap for (79-
x)TeO2-20ZnO-1Sm2O3-xAuCl3 glass system. 88 
xvii
4.23 Variation of indirect optical band gap and Urbach energy 
with Sm2O3 concentration. 89 
4.24 Variation of indirect optical band gap and Urbach energy 
with Au NPs concentration. 89 
4.25 Refractive index as a function of Sm2O3 concentration. 91 
4.26 Refractive index as a function of Au NPs concentration. 92 
4.27 Molar refraction and electronic polarizability against 
Sm2O3 concentration. 92 
4.28 Molar refraction and electronic polarizability against Au 
NPs concentration. 93 
4.29 Average nephelauxetic ratio and bonding parameter as a 
function of Sm2O3 concentration. 95 
4.30 Average nephelauxetic ratio and bonding parameter as a 
function of Au NPs concentration. 95 
4.31 Higher energy region absorption spectra for (80-y)TeO2-
20ZnO-ySm2O3 glass system. 98 
4.32 Higher energy region absorption spectra for (79-x)TeO2-
20ZnO-1Sm2O3-xAuCl3 glass system. 98 
4.33 Racah parameters B and C as a function of Sm2O3 
concentration. 99 
4.34 Racah parameters B and C as a function of Au NPs 
concentration. 100 
4.35 Crystal field strength and nephelauxetic function against 
Sm2O3 concentration. 100 
4.36 Crystal field strength and nephelauxetic function against 
Au NPs concentration. 101 
4.37 Luminescence spectra of (80-y)TeO2-20ZnO-ySm2O3 
glass system under 945 nm excitation wavelength. 104 
4.38 Luminescence spectra of (79-x)TeO2-20ZnO-1Sm2O3-
xAuCl3 glass system under 945 nm excitation 
wavelength. 104 
4.39 Integrated PL intensity versus Sm2O3 concentration. 105 
4.40 Integrated PL intensity versus AuCl3 concentration. 105 
xviii
4.41 Partial energy diagram of Sm3+ ion on tellurite glass 
matrix in the presence of Au NPs describing the 
mechanism of absorption and emission processes [22]. 108 
 
 
xix
LIST OF ABBREVIATIONS 
at%            - Atomic Percentage 
Au             - Gold 
BO            - Bridging Oxygen 
CB            - Conduction Band 
CR            - Cross Relaxation 
DNA         - Data Not Available 
DTA          - Differential Thermal Analyser 
EDX          - Energy Dispersive Electron Microscope 
EM            - Electromagnetic 
ESA          - Excited State Absorption 
ET             - Energy Transfer 
eV             - Electron Volt 
FFT           - Fast Fourier Transformation 
FTIR         - Fourier Transform Infrared 
GSA          - Ground State Absorption 
HMO         - Heavy Metal Oxide 
HRTEM    - High Resolution Transmission Electron Microscopy 
IR              - Infrared 
KBr           - Potassium Bromide 
Ln              - Lanthanide 
LSPR        - Localized Surface Plasmon Resonance 
NBO         - Non-Bridging Oxygen 
NIR           - Near Infrared 
NMEF       - Nanometal Enhanced Fluorescence 
NPs           - Nanoparticles 
NR            - Non-radiative 
Oax            - Axial Oxygen 
xx
Oeq            - Equatorial Oxygen 
PL             - Photoluminescence 
RE             - Rare Earth 
REIs            Rare Earth Ions 
Ref            - Reference 
RT             - Room Temperature 
SEM          - Scanning Electron Microscope 
SPR           - Surface Plasmon Resonance 
TEC           - Thermal Expansion Coefficient 
tbp             - Trigonal Bipyramid 
TEC          - Thermal Expansion Coefficient 
TEM         - Transmission Electron Microscopy 
tp              - Trigonal Pyramid 
UC            - Upconversion 
UV            - Ultraviolet 
VB            - Valence Band 
Vis            - Visible 
wt%        - Weight Percentage 
XRD         - X-Ray Diffraction 
ZnO          - Zinc Oxide 
 
xxi
LIST OF SYMBOLS 
2  - Angle of Diffraction 
 - Spin of Metal ion 
 - Absorbance 
- Activator 
- Nephelauxetic Ratio 
D - Crystal Lattice Planar Spacing 
Dq - Crystal Field Strength 
E  - Reduction Potential 
Eopt - Optical Band Gap 
Eg - Direct Band Gap 
E'g - Indirect Band Gap 
 - Density 
 - Bonding Parameter 
- Band Position 
- Wavenumber 
 - Photon Energy 
E - Urbach Energy 
 - Nephelauxetic Function 
 - Planc  
Q - Charge of Electron 
M - Mass of Electron 
 - Wavelength 
Hr - Hruby Parameter 
 - Refractive Index 
nt - Order of Reflection 
Mav - Average Molecular Weight 
xxii
- Absorption Coefficient 
m - Electronic Polarizability 
-TeO2 - Mineral Tellurite 
TeO2 - Paratellurite 
S - Sensitizer 
S0 - Ground State 
Sa - Angular Spin 
S1 - Excited Singlet State 
 - Stability Factor 
NA -  
Vi - Packing Density Factor 
Vt - Ionic Packing Density 
Vm - Molar Volume 
Rm - Molar Refraction 
Tc - Glass Crystallization Temperature 
Tg - Glass Transition Temperature 
Tm - Glass Melting Temperature 
Wa - Weight of Sample in Air 
Wb - Weight of Sample When Immersed in an 
Immersion Liquid 
 
xxiii
LIST OF APPENDICES 
APPENDIX  TITLE PAGE 
A List of Publications               130 
B Batch Calculation of Glass Systems            132 
C Calculation of Physical Parameters             134 
D Calculation of Weight and Atomic Percentages of Glass 
Constituents 
            138 
E Calculation of Racah Parameter             140 
F Instruments Pictures and Make Used for Characterization             143 
 
CHAPTER 1 
1INTRODUCTION 
1.1 Introduction 
This chapter provides a brief background on the development of glass 
research, in particular, the tellurite-based glass systems, aims towards potential 
application in solid state lasers and other optical devices. It also introduces the 
problem statement, objectives, scope of the study and significance of the research. 
1.2 Research Background 
Tellurium dioxide (TeO2) host based glasses are of scientific and 
technological interest due to their unique properties. These properties include good 
rare earth (RE) solubility, better thermal stability, wide transparency window in UV-
Vis-NIR region (0.4-6 m), high refractive index (~2.0), low melting temperatures 
(~800 C) and low cut off phonon energy (700 cm-1) [1-4]. Tellurite glasses shows 
interesting and significant optical properties which have received significant 
attention in their potential applications over the last few years; several devices 
including optical amplifiers, planar waveguides, and nano wires have been fabricated 
using tellurite glasses. However, TeO2 itself is a conditional glass-former, which 
requires a special fast-quenching procedure to vitrify [5]. Due to the difficulty of 
vitrifying TeO2 alone by traditional method, the high transparent tellurite glasses are 
obtained by introducing other oxides such as transition metal oxides, alkaline oxides 
and alkaline-earth oxides without adding any conventional glass former [6]. 
2The incorporation of RE into oxide glasses have provided us with useful 
materials with several photonic applications such as optical fiber, laser emission and 
optical application [7, 8]. The trivalent samarium ion (Sm3+) is preferred to other RE 
family due to its diligently lying energy level from the ground state to other excited 
states [9]. It also shows upconversion luminescence for 4G5/2 6H5/2 (green), 4G5/2 
6H7/2 (orange), and 4G5/2 6H9/2 (red) anti-Stokes transitions [10], which is 
potentially used for obtaining upconverted solid state lasers [11]. In addition to the 
upconverted luminescence enhancement, luminescence quenching is also 
experienced at a higher concentration of the RE due to an increasing ion-ion 
interaction between the RE ions (REIs). Therefore, a new way to further enhance 
these hosts need to be applied which makes researchers to incorporate metallic 
nanoparticles (NPs) into these oxide glasses [12, 13]. 
Due to its enhancement in luminescence and non-linear optical properties 
arise from the NPs on the host material, RE-doped oxide glasses embedded with 
metallic NPs have attracted attention [14]. The luminescence efficiency could be 
affected as a result of energy transfer (ET) between the NPs and REIs and sometimes 
due to the local field improvement which acts on the REIs closely sited around the 
NPs. Malta et al. in 1985 describes the fluorescence enhancement of silver particles 
on Eu3+ doped glass [15]. Subsequently, the effect of the luminescence enhancement 
of gold (Au) or silver (Ag) NPs on various RE-doped glasses have been studied over 
the years [16, 17]. The known characteristics low phonon energy for TeO2 glasses 
makes them outstanding materials to weaken the loss of non-radiative (NR) and 
multiphonon relaxation that enables an enhanced upconversion efficiency in the 
REIs-doped glasses [18]. In an REIs: metal NPs-doped tellurite glass, plasmon-
enhanced fluorescence results from two contending processes: (1) increased 
excitation rate of the REIs due to local field modification and (2) quenching rate due 
to energy transfer by the excited REIs to the surface of metal NPs. Hence, to 
maximize the luminescence, the ratio between metal NPs and REIs concentrations 
must be less than unity. As the localized electric field produced by the metal NPs, 
plasmons has a distribution maximum in its vicinity, so there is a critical distance 
between the REIs and the metal NPs surface where the fluorescence enhancement is 
largest. Thus, at distances shorter than this REIs - GNP critical distance, the quantum 
3efficiency diminishes due to the coupling to nonresonant higher-order plasmon 
modes [19]. 
Essentially, structure of anisotropic NPs possessing sharp edges form such as 
ellipsoids, nanorods, nanowires and concentric shells are more preferred candidates 
for nanometal enhanced fluorescence (NMEF) [20]. NMEF, as well called surface 
plasmon-enhanced luminescence is a phenomenon where plasmonic metal 
nanostructures in the area of the REIs enhance their free space spectroscopic features 
and enormously rise the production of their weak optical transitions through the 
generation of strong electric fields upon electromagnetic (EM) excitation [21]. 
Surface charges are induced on the NPs upon EM excitation. And the surface charge 
densities are significantly improved and confined close to the sharp edges of the 
anisotropic nanostructures that behaves like light-harvesting nano-optical antennas, 
transforming visible light to large localized electric field referred to as lightning-rod 
effect [22]. Consequently, NPs, if sited near REIs, RE's excitation rate is 
significantly enhanced. Therefore, intensive efforts are being dedicated to the study 
and exploring of surface plasmons and local field characteristics of non-spherical 
metal NPs. Some of the most predominant application of nanostructured materials at 
the surface are surface-enhanced fluorescence, surface-enhanced resonance imaging, 
and spectroscopy, surface enhanced Raman scattering.  
1.3 Problem Statement 
Over the years, the linear and nonlinear optical properties of RE-doped 
glasses with metallic NPs embedment have been investigated. Dousti et al. [23] has 
investigated the enhanced upconversion emissions in Er3+ doped tellurite glass 
containing gold NPs. Mahraz et al. [24] have studied the effect of silver NPs 
enhanced luminescence of Er3+ ions in boro-tellurite glasses. Although there are 
some reports on the influence of Sm3+ ions on zinc tellurite glass [25], there is no 
report on the role of gold NPs on structural, thermal, optical and ligand field 
parameters of this glass systems. Despite many spectroscopic studies, the role of Au 
NPs and enhancement of optical properties on Sm3+ ions in tellurite glass is far from 
4being understood. The effect of Au NPs on the thermal stability and thermal 
properties is not much studied. Additionally, the enhancement or quenching in the 
luminescence by adding NPs is not correlated to the ligand field parameters of Sm3+ 
doped zinc-tellurite glasses. It is proclaimed that the SPR wavelength depends on the 
host and metal-dielectric as well as on the dimensions and shape of the NPs [16]. The 
tunability of plasmon band positions at different wavelengths giving an effect to the 
plasmon resonance facilitates varieties of applications [26]. However, the correlation 
between SPR and ligands fields interaction due to the growth of NPs is not 
established yet. 
It has been shown that glass formation in the ZnO-TeO2 system depends 
strongly on the cooling rate, particularly in the TeO2-rich region. Bürger et al. [27] 
shows that a glass system with composition 80TeO2-20ZnO being melted at 1123K 
in platinum crucible and cooled with a rate of about ~10 K/s was found to be most 
stable. In this study, tellurite glass has been used as a host whereas samarium oxide 
as a dopant and Au NPs will be embedded into it. We prepared the glass systems 
using the conventional melt-quenching method. Therefore, we aim to explore, 
examine, identify and determine the effects of Au NPs on the structural and thermal 
characterizations of the prepared glass samples. Furthermore, optical absorption, 
emission, bonding between ligands and oxide glasses are determined. 
1.4 Objectives of Study 
i. To prepare samarium doped zinc-tellurite glass systems without and with 
gold nanoparticles embedment by melt quenching technique. 
ii. To determine the structural characteristics of the synthesised glass systems 
using Infrared and Raman spectroscopy. 
iii. To determine the influence of varying samarium and Au NPs concentration 
on the absorption and photoluminescence properties of the synthesised glass 
systems.  
iv. To evaluate the mechanism of luminescence enhancement and quenching in 
the synthesised glass system.  
51.5 Scope of Study 
In this study, conventional melt quenching technique is used to prepare 
samarium doped zinc-tellurite glass systems without and with gold nanoparticles 
embedment having composition of (80-y)TeO2-20ZnO-ySm2O3, where 0  y  2.0 in 
mol% and (79-x)TeO2-20ZnO-1Sm2O3-xAuCl3, where 0  x  0.1 in mol%. The 
amorphous nature of the prepared glass is confirmed by X-ray diffraction (XRD), the 
existence and the size distribution of the Au NPs inside the glass is verified by TEM 
and HRTEM imaging technique. Archimedes method is used in measuring the 
density of the prepared glass systems. And these measured densities are employed in 
determining the molar volume and ionic parking density. The glass transition 
temperature (Tg), crystallization temperature (Tc), and melting temperature (Tm) are 
determined using the thermogram from the Differential Thermal Analyser (DTA) as 
well as its stability. The vibrational Structural features are demonstrated using FTIR 
and Raman spectroscopy. The optical absorption parameters such as refractive index, 
optical band gap, Urbach energy, and electronic polarizability are measured by 
means of UV-Vis-NIR spectroscopy. Also, the bonding and ligand field parameters 
are calculated from the higher energy region of the UV-Vis optical absorption 
spectra. The emission spectra will be studied using photoluminescence spectrometer. 
1.6 Significance of Study 
In the realm of nanoglass (glass containing NPs), this research might be of 
much significance because it reached out to current knowledge which exist in that 
field. Tellurite glass is characterized by large refractive index and low maximum 
phonon energy which helps to improve fluorescence emission compared to another 
oxide host.  
This study can provide great knowledge on the structural, optical and thermal 
behaviour of NPs in the vicinity of Sm3+ doped zinc tellurite glass. The results can 
establish the role of Au NPs on the optical, structural and thermal properties of Sm3+ 
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